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Abstrad-COnditions commonly used for the thiolytic cleavage of interftavanoid bonds of condensed tannins also
result in cleavage of the C4 to CIO bond of flavan units. Subsequent electrophilic attack of the C4 carbocatjon on
the C' or C6' of the B-ring, and loss of phloroglucinol (the A-ring), result in the formation of a mixture of 1,3-
dithiobeDZyl-2,4,s,6-tetrahydroxy indane diastereomers.

Cleav.,e of procyanidin (lA, phloroglucinol A-rina, cateclIol B-riDa) and prodelphinidin (IB, phloroalucinol A-

riDa, pyrogallol B-rina) polymers in the presence of acid with thiols as capture nucleophiles (Scheme I) is a well-

established analytical ~od, yielding flavIn thioethers from the exteIxier units and flavan-3-<>ls from the tennina1 unit

of the polymers.' Gupta and Haslam2 reported that, with excas dliol and JODi reaction tim., only DM)nomeric flavIn

dlioethers and the flavan-3-o1 terminal unit were r~vered and suUested dlat die reaction could be used to estimate

procyanidin molecular weiahts. In addition, mlCrl)ot\liolytic cleav.,e reactions have been developed in an attempt to

provide quantitative analyses of the proportions of various flavIn units in .mixed. proanthocyanidin polymers."-

However, in our hands, application of thiolytic cleavaae to study of the condensed tannins from tree barks aOO nut

shells has not provided quantitative yields of monomeric flavan cleav.,e products.' Durina die thiolysis of condensed

tannins from pecan nut pith, it was noted that significant amounts of phloro&iucinol were routinely produced. A

hypothesis to explain die aeneration of phloroglucinol in these reactions is shown in Scheme I. OpeDln& of die pyran

ring betweeo C-4 and C-IO of I is comparable to cleavina die interf1avanoid bond und« acidic conditions. Electrophilic

attack of the C-4 carboCation on C-2' or C~' of the B-ring lives rinI closure to % widl two diastereomen pOISible.

Cleavaae of die ether linkage at C-I of % liberates phioroalucinol (the oriainal A-rlng) and allows a nucleopbile to attack

at that position. In the presence of phenylmethanethiol, die 1,3-dithiobenzyl-2,4,5,6-tetrabydroxy indane derivative 3

would be die expected product and dlis could possibly occur as a mixture of four isomers, i,t. 1,2-cis-2,3-ds (3A), 1,2-

cis-2,3-trans (3B), 1,2-trans-2,3-ds (3C), and 1,2-trans-2,3-tTaIIS (3D) (Scheme 1).

Condensed tannins isolated from pecan nut pidl are a mixture of oligomeric proanthocyanidins made up of

epigallocatechin (W), aa1locatechin (IE), and epicatechin (IF) extend~ units in die approximate ratios of 5:2:1 with

either catechin (IG) or 1a1locatechin as terminal units,' Small amounts ofpblorogluciDOI were ienerated under tbiolysis

conditions (IOS.C, BOAc, 24 brs.) from procyanidins (pine tannin, epicatecbin-4-tbiobenzyi ether, aOO catechin-(4a-8)-
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Scheme 1.

catechin) as well as from prodelphinidins (pecan nut pith tannins, gallocatechin-(4a-8)-epiglllocatechin). VISual

comparison of 2D- TLC plates indicated that the thlolysis of prodelphinidins produced creator IDK)UDts of phlorogiuciml

compared to the procylnidin reaCtions.

To test the hypothesis proposed in Scheme I, pecan nut pith extract was separated into low molecular oIiaomers,

a tannin-carbohydrate complex and a "purified" condensed tannin.7 After thiolysis of the condellSed tannin fraction, the

reaCtion mixture was extraaed with ethyl ether and, following evaporation of the ether, the ether-soluble material was

acetylated (pyridine/acetic anhydride, 1:1). The acetylated products were chromatographed on a silica column with

benzene-acetone (1: 1) followed by increasingly higher percentaJes of acetone in benzene. The early eluting fractions were

combined and further purified by preparative TLC (silica gel, benzene/acetone (9: 1). The R, 0.78 band was isolated and

further purified by preparative TLC as above.
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.'C NMR of die major product showed no resonanca in die region of 108-110 ppm correspoming to the C~ and

C-8 carbons of the phloroglucinol A-ring. FAB-MS showed [M+Li]+ of 601.1549 for a molecular forIDDla of

c,IH»O~J.i, consistent for die per~ derivative of 3. IH NMR spectroscopy showed the isolate to be a mixture of

at least three isomers in a ratio of 2: 1.2:1 (Table I).

IabJ§..l. Selected 'H n.m.f. Chemical Shifts (m p.p.m.) and coupling constants (m Hz)."

B-2

5.42.dd
J\.2-5.0
Ju-l.5

Yield Ratio ArB

6.94,d
JAr..-l.5
JAr,J-l.5

2

S.3S,dd
J1.2-7.0
J~~.8

B-3
4.01,d

J*,,=1.5
~

4.51,d
J",.6.8

H-l
4.48,dd
IN.i-I.S
J1,2-S.0
4.13,d

J1,2.7.01.2 7.03,m

5.58,dd
J.,,=5.5
J2,)=5.5

4.14,d
Ju=S.s

6.83,d
JAw..-1.3

4.IO,dd
IN.I-I.3
JI.2~S.S

"Reoorded on a Broker AM-300 spectrom«er in CDCL,.

Indane derivativs such as 3 could exist as four possible stereoisomen each of which could exist in two

confomlations. Therefore, a DKldified Karplus equation as compiJed by PCMODEL software package' was used to predict

vicinal coupling constants for different conformers after full geometry optitni7ation by die MMX' DX>lecular mechanics

force field (Table 2). Confomlational analyses show diat die puckerina of die cyclopenteoe rina wiJl be controlled mainly

by 1,3-diaxial interactions and allylic l,3-strain,,10 between die diiobemylgnMlp .. C-3 aOO die Imoxy at C-4. The

preferred conformation as predicted by MMX force field for die ds-trans diastereomer has die bulky C-3 diiobenzyl

IIblo.l. Predicted dihedral angles and coupling co~ in (Hz).
3JHH

7.23

7..54

1.63

1.71

4.73

0.74

7.53

1.31

1.3

7.01

7.-
1.57
0.77
0.74
7.77
7.97

DiledralAap

H..c.oCrH,

HrCrCrH,

HtoC.-crHt

HrCrCrRs

HrCl-CrHs
HrCrCrH.
HrC.-crHt
HrCrCrH,
HrC...c,.Ht
HrCrCrH,
H..c.oCrH,
HrCrCrHs

H.oC.-crHt
HrCrCsoH.
HrCrCrHs
HrCrCsoH.

~
-»

+17

+15

-13

.-
-92
+28

-1"

+106

+22

+147

-16

+N

..,
+1'1
-1"

0COIDPO8d

up

3A --
up

3B --
..,

3C
~

up

3D
dowa



990

group in a pseudoaxial orientation, presumably to alleviate the allylic 1,3-strain. Such an orientation resulted in C-2 being

puckered upwards aIKi gave dihedral angles HI-CI.c2-H2 - 38° and H2.c2-C3-H3 - 92°. These lulleat vicinal

couplings J1.2 = 4.73 Hz aIKi J2,) = 0.74 Hz. Data in Table 2 indicate that such couplings are only POIIible for the ciI-

trans diastereomer 3B in the mentioned conformation. Of the four polSible isomers (Scheme 1), the dominant

diaster~mer thus correspolMfed to the 1,2-cis-2,3-trans product 3B based on the 'J- couplinp aIKi -uworted by

th~retical calculations. Data for the remainlna diaster~isomera are oot as definitive (compare 'J- in Tables 1 and 2).

The identification of 3B supports the proposed reamnaement and invalidates the use of ex~ed thiolylea to

provide meaningful estimates of molecular weipts. These results also call to question the use of thiolytic cleavaae »

a means of obtaining "quantitative" information on the composition of "mixed" proanthoc:yanidin polymers. h should

also be noted that the cleavage of 2 may occur to a lesser extent than of 1 so that the phloroalucioollenerated may DOt

be entirely indicative of the total amount of rearrangement.

Acknowledgement: This work was funded by the USDA Co~tive Grant ProJrIm through JtaDt IM)I. 87-FSTY-9-0273

and 9(}.37291-S76S.

REFEREN~
1. Hemingway, R.W. hi: "Natural Products of Woody Plants," Rowe, 1.W. (ed.) Springer-Veri.., New York.

Heidelberg, Berlin, 1989.

2. Gupta, R.K.; Haslam, E. J. ~ Soc., Perkin 7)'QM I, 1978, 892.

3. Regard, 1.; Per=-Dzube, 1.; Ricardo da Silva, 1.M.; Oaeynier, V.1. OIrtRnaIog., 1991,540: 401.

4. CZDCbanska, Z.; Foo, L. Y.; Newman, R.H. Porter, L.1. J. 0IeJII. Soc., Pertin 7ralU. I, 1980,2278.

5. Hemingway, R. W ./11: "Oaemistry IrMI SignificanceofColKleDSed Tannim," HemiDIWay, R. W.; Kardlay, 1.1.;

and Branham. S.1. (eds.) Plenum Pr_, New York, 1989 and referenca cited d1~.

6. McGraw, G.W.; Steynbera,l.P.; Rial" T.G.; Hemingway, R.W./II: "Plant PolypbeIMJlI: Syntbail. Properties.

Significance" Hemingway, R.W.; Lab, P.E.; Branham. S.1., (eds.) Plenum Pr-. New York. 1992.

7. Karchesy, 1.1.; Heminpay. R.W. J. AI. Food 0Iemistry, 1986.34:966.

8. Serena Software. P.O. Box 3076. Bloomington, IN 47402.

9. 10hns0n. F. ~ Reviews, 1968,68,375.

10. Porter. L.1.; WaDI. R. Y.; Benson. M.; Chan, B.G.; Vilwanadaï. V.N.; GaJMkJur. R.D.; Mattice, W.L. J.

~ Res.. 1986, (S)86. (M) 830.

(Received in USA 18 August 1992; accepted 23 November 1992)


